Background: Although previous studies have explored the associations of modifiable lifestyle factors with oral cancer risk, few studies integrated these factors and established predictive tools for oral cancer risk in different sexes. Methods: Using a case-control study design, a total of 978 oral cancer cases and 2646 healthy controls were recruited in this study. Nomograms were constructed according to significant factors in multivariable logistic regression. Risk scores were calculated based on the nomograms and quantified the risk of oral cancer using restricted cubic spline. Results: Multivariate analyses demonstrated that smoking, alcohol drinking, tea, intake of fish, seafood, vegetables, fruits, teeth loss, regular dental visits and repetitive dental ulcer were independent factors for male oral cancer. Passive smoking, age at first intercourse, cooking oil fumes exposure, tea, intake of beans, vegetables, fruits, teeth loss, regular dental visits and repetitive dental ulcer were associated with female oral cancer. Then, two nomograms were developed for predicting the probability of oral cancer in men and women with the C-index of 0.768 (95% CI: 0.723-0.813) and 0.700 (95% CI: 0.635-0.765), respectively. Restricted cubic splines graphically revealed the risk of oral cancer in individuals with different risk scores. Moreover, the risk escalated continuously with the increasing number of the risk scores among both sexes. Conclusions: Combining nomograms with risk scores developed in this study could precisely predict oral cancer occurrence and provide an accurate risk assessment.
Introduction
Oral cancer, one of the most common malignant tumors in head and neck, is still a major public health burden in developing countries. Although the incidence of oral cancer in men is higher than that of women [1] , the ratio of men to women has been gradually decreasing from 6:1 in 1950 to 2:1 in 2015 [2] , suggesting that the incidence of female oral cancer showed a more significant upward trend [3] . Given the differences in physiology and lifestyles of both sexes, it would be valuable to separately identify the influencing factors for oral cancer in men and women.
There is accumulating epidemiologic evidence
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International Publisher that modifiable lifestyle factors exert a significant impact on oral cancer risk but the associations vary by sex. Tobacco smoking was a major risk factor for oral cancer, which has been well-established previously [4] . Muscat et al. [5] further indicated that female smokers had a greater risk of oral cancer than male smokers. Many previous studies have pointed to a strong protective effect of tea consumption on oral cancer risk [6, 7] . Our recent study demonstrated that women could derive the more benefit from tea drinking than men [8] . Besides, passive smoking and cooking oil fumes (COF) exposure were reported to significantly increase the risk of oral cancer in Chinese women, while male exposure rates were relatively low [9] .
Compared with the single risk factor, integrating several significant factors may be more efficient and precise to evaluate the role of modifiable lifestyle factors in the etiology of oral cancer. Nomogram is a graphical representation tool commonly used to predict the prognosis of patients by combining significant factors [10] . However, so far, few studies have established nomograms applicable to Chinese population for predicting the probability of the occurrence of oral cancer in men and women, respectively. Moreover, continuous quantification of oral cancer risk according to the total score from nomogram has also been rarely reported.
Therefore, in this large-scale case-control study, we comprehensively investigated the gender differences in the modifiable lifestyle factors of oral cancer, and further developed nomograms and risk scores for predicting the risk of oral cancer in different sexes.
Materials and methods

Study subjects
From September 2010 to March 2017, a hospital-based case-control study was conducted in Fujian province, China, which has been described previously [11] . In brief, primary oral cancer patients were consecutively recruited from the First Affiliated Hospital of Fujian Medical University with newly diagnosed and histopathology confirmed. Those with recurrent or metastasized oral cancer were excluded. Finally, a total of 978 eligible patients (380 tongue, 135 buccal, 128 gingiva, 72 floor of mouth, 69 palate, 34 lip, and 160 unspecified or overlapping) were included. During the study period, 2646 healthy controls were randomly selected from the health examination center of the same hospital with no any history of cancer or cancer-related diseases. The healthy status of control subjects was determined based on the results of physical examination. Controls were frequency-matched to cases by age (±5 years). All subjects were Chinese Han population and aged between 20 and 80 years old, and resident in Fujian province. The recruiting rates were 97.3% for cases and 91.6% for controls. Written informed consent was obtained from all participants. This study was approved by the Institutional Review Board (IRB) of Fujian Medical University (Fuzhou, China) and have been performed in line with the ethical standards in the 1964 Declaration of Helsinki and its later amendments.
Data collection
Data were collected from all subjects through face-to-face interviews using a structured lifestyle questionnaire. Information collected included socio-demographic characteristics; active and passive smoking, alcohol drinking, tea related variables (tea consumption, tea types, tea temperature, and tea concentration, etc.), dietary habits (intake frequency of red meat, domestic meat, fish, seafood (shrimp/crab/shellfish), milk and dairy products, eggs, vegetables, fruits, beans and soy products, pickled food, etc.), COF exposure, oral hygiene status (frequency of tooth brushing, the number of teeth loss, dentures wearing, regular dental visits, repetitive dental ulcer), residential history, family history of cancer.
Variables definition
Smokers were defined as those who had smoked at least 100 cigarettes during their lifetime. Passive smokers were defined as subjects exposed to environmental tobacco smoke over 15 minutes per day. Alcohol drinking was defined as drinking alcohol at least once per week continuously for at least 6 months. Tea drinkers were defined as having at least 1 cup/week for six months or more. COF exposure was defined as those who cooked food in deep-frying or stir-frying way for more than twice per week with eyes or throat irritation. To assess intensity of COF exposure, participants were interviewed about the fumes in the kitchen when cooking, selecting an answer from three options: "no exposure", "light" or "heavy".
Statistical analysis
Distribution of baseline characteristic between cases and controls was compared using chi-square test. Some frequencies categories or continuous variables were grouped according to the median or tertiles of the controls. Unconditional logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for the associations of modifiable lifestyle factors with oral cancer risk in both sexes. The nomograms for the prediction of the probability of male and female oral cancer were established with the selected independently significant variables. The discrimination and predictive ability of the nomograms were assessed by Harrell's concordance index (C-index). Calibration curves was analyzed by plotting the nomogrampredicted and the actual probability of the occurrence of oral cancer. Restricted cubic spline was performed to assess the non-linear relationship between the total risk scores and the risk of oral cancer. All statistical analyses were conducted using R (version 3.1.1). Statistical significance was considered at P < 0.05.
Results
Of the 3624 of oral cancer patients and controls, 1924 (53.09%) were men, and 1700 (46.91 %) were women. The demographic information of the cases and controls in both sexes are listed in Table 1 . Age, education levels and marital status were similarly distributed among cases and controls (all P >0.05). Compared to controls, oral cancer patients were more likely to be rural settings and to have a family history of cancer.
The potential risk factors of oral cancer were shown in Supplementary Table S1, Table S2, and  Table S3 . Then, multivariate logistic regression was used to select independent factors for oral cancer in men and women. As shown in Table 2 , smoking and alcohol drinking were specific risk factors for oral cancer in men but not in women. The protective effects of more consumption of fish (≥3 times/week) and seafood (≥1 time/week) on oral cancer were also only observed in men. On the contrary, passive smoking, age at first intercourse less than 22 and cooking oil fumes exposure were specific risk factors for female oral cancer. Moreover, more intake of beans (≥1 time/week) was particular protective factor for women. Additionally, the similar magnitudes of the associations related to oral hygiene were observed across genders.
Next, based on these independent factors, we developed two nomograms for predicting the probability of the occurrence of oral cancer in men and women respectively (Figure 1 ). Each point of independent variables can be determined according to the intersection of the vertical line drawn from the variable to the point axis. Then, the total risk score was calculated by adding each variable point. The probability of the occurrence of oral cancer can be read on the total point axis. The Harrell's C-index of nomogram was 0.768 (95% CI: 0.723-0.813) for men, and 0.700 (95% CI: 0.635-0.765) for women. The calibration curves for men and women all indicated that the predicted probabilities by the nomogram were good match with the actual observation (Supplementary Figure S1 , Figure S2 ). According to the above method, we further calculated the total risk scores of all subjects. Restricted cubic splines graphically demonstrated that the risk of oral cancer successively escalated with the increasing number of the total risk scores among both sexes (Figure 2) . Furthermore, according to the tertiles of controls, the total scores were divided into three risk groups in men (0-10.34, low; 10.35-16.38, moderate; 16.39-44.88, high), and in women (0-6.15, low;
6.16-9.18, moderate; 9.19-27.97, high), respectively. Individuals in moderate and high risk groups had significantly increased risk of oral cancer compared with those in low risk group among both sexes (all P <0.05, Table 3 ).
Discussion
Overall, this large-scale case-control study is one of the few to comprehensively evaluate the different roles of lifestyle-related factors in oral cancer among men and women. We successfully established two practical nomograms for predicting the probability of the occurrence of oral cancer in men and women. Two useful risk scores were also developed for continuously quantifying the risk of oral cancer. Although previous studies have explored the associations of modifiable lifestyle factors with oral cancer risk, few evaluated the comprehensive effect of these factors and established the predictive model. To make up for this shortcoming, this study developed two reliable nomograms with high predictive ability according to the conventional obtainable modifiable lifestyle factors. By providing an intuitive line drawings, our nomogram can easily calculate each individual's probability of the occurrence of oral cancer. The nomogram was initially introduced in the field of oncology research in 1998 by Kattan et al. [12] Subsequently, nomograms were used to predict the probability of various clinical prognostic events (such as recurrence, metastasis, death, etc.) for various kinds of cancer patients [13] [14] [15] . Until now, to our knowledge, this study is the first to construct nomogram for predicting the occurrence of oral cancer.
In addition to predicting the probability of oral cancer, several risk models or risk scores have been constructed in previous studies for risk assessment. Liu et al. [16] developed a peaks random forest model according to exfoliative cytology and clinical data for predicting oral cancer risk. Krishna et al. [17] built a risk score model using lifestyle data with a small samples in India. In the present study, we further calculated risk scores to quantitatively predict the risk of oral cancer using restrictive cubic splines. Using the risk score of each patient, oral cancer risk can be visualized on a graphical curve. Compared with our previous proposed environmental exposure index [18] , combining nomograms with risk scores would be useful in clinical settings, and could demonstrate an easily accessible visual representation of the predictive probability and the estimated risk of oral cancer. Indeed, they would assist in the screening of individuals in high risk and be helpful to individualized prevention of oral cancer.
Notably, among the significant modifiable lifestyle factors in the predictive models, the favorable roles of fish and seafood consumption were only emerged in men. Fish and seafood are widely consumed in the southeast of China, which are abundant in polyunsaturated fatty acids, and have the effects of anti-inflammatory as well as reducing the production of free radicals and carcinogens [19, 20] . However, little is known about the particular mechanism of fish and seafood on male oral cancer, and more additional research on these associations are warranted.
Conversely, increased consumption of beans was only seen to be protective against oral cancer in women. This finding is in agreement with the results of studies on gastric, colorectal and breast cancer in women [21] [22] [23] . Additionally, younger age at first intercourse was found to be specific risk for female oral cancer, which is consistent with a previous study [24] . Anaya-Saavedra et al. [25] indicated that earlier age at sexual debut could elevate the risk of oral HPV infection. Our recent study also observed an interaction between the first sexual age and oral HPV infection for oral squamous cell carcinoma [26] . Therefore, one possible explanation is that earlier first sexual age may increase the risk of oral cancer by facilitating oral HPV infection.
Several limitations in this study warrant mention. First, since this study is a case-control study, the potential selection bias and recall bias are major concern. To minimize the possibility of the biases, all cases and controls were recruited in the same hospital with a strict criteria and high participation rates. Moreover, all cases were newly diagnosed, and the definitions of all variables were clearly stated during the interview. Second, as a single-center study, it is uncertain whether these predictive tools are applicable to other populations with different cultures and ethnic groups. Although our nomograms were initially validated using bootstraps with 1000 resamples, future work with larger cohorts in multi-center are still needed to externally validate our results. Third, to make our predictive tools widely accepted, we only taken into account several easily obtained lifestyle factors. Hopefully, other known serological and genetic biomarkers would be included in future studies in order to improve the discriminatory ability of nomograms and risk scores.
In conclusion, the present study provided further evidence on the different roles of lifestyle-related factors in the etiology of oral cancer among different sexes. The nomograms and risk scores constructed in this study can provide an accurate prediction of the probability and the estimated risk of oral cancer. We believe that these predictive tools would be useful in conjunction with screening of high-risk population and primary prevention of oral cancer.
